The concept of portable multifunctional measurement instrument based on ICTM sensors by Frantlović, Miloš et al.
Belgrade, 15-16 October 2020
MILITARY TECHNICAL INSTITUTE
Belgrade, Serbia
th8  International Scientific Conference
on Defensive Technologies 
Milutin Milankovic (1879   1958)
AErODynAMICs AnD FLIGht DynAMICs
AIrCrAFt
WEApOn systEMs AnD COMBAt VEhICLEs
AMMunItIOn AnD EnErGEtIC MAtErIALs
IntEGrAtED sEnsOr systEMs AnD rOBOtIC systEMs
tELECOMMunICAtIOn AnD InFOrMAtIOn systEMs
MAtErIALs AnD tEChnOLOGIEs  
quALIty, stAnDArDIZAtIOn, MEtrOLOGy, MAIntEnAnCE AnD EXpLOItAtIOn




The Military Technical Institute 
Ratka Resanovića 1, 11030 Belgrade 
Publisher's Representative 







The Military Technical Institute 
Ratka Resanovića 1, 11030 Belgrade 
CIP - Каталогизација у публикацији 
Народна библиотека Србије, Београд 
NAUČNO-stručni skup iz oblasti odbramenbih 
tehnologija (9 ; 2020 ; Beograd) 
Proceedings [Elektronski izvor] / 9th      
International Scientific Conference on        
Defensive Technologies, OTEH 2020, Belgrade,  
15-16 October 2020 ; [organized by] Military    
Technical Institute, Belgrade ; [editors Miodrag 
Lisov, Ljubica Radović]. - Belgrade : Military  
Technical Institute, 2020 (Beograd : Military 
Technical Institute). 
Sistemski zahtevi: Nisu navedeni. - Nasl. sa 
naslovne strane dokumenta. -  
Bibliografija uz svaki rad. 
ISBN 978-86-81123-83-6 
1. Vojnotehnički institut (Beograd)
a) Војна техника - Зборници
b) Технички материјали – Зборници















MINISTRY OF DEFENCE 
www.mod.gov.rs 
 
MINISTRY OF EDUCATION, SCIENCE  








MILITARY TECHNICAL INSTITUTE 




Nenad Miloradović, PhD, Assistant Minister 
for Material Resources, Serbia, President 
Major General Mladen Vuruna, PhD, Head of 
Department for Defence Technologies, Serbia 
Col. Bojan Pavković, PhD, Director of the 
Military Technical Institute, Serbia 
Brigadier General Milan Popović, Department 
for Planning and Development, Serbia 
Col. Dejan Stojković PhD, Department for 
Strategic Planning, Serbia 
Col. Miroslav Glišić PhD, Department for 
International Military Cooperation, Serbia 
Lt Col General Goran Radovanović, PhD, 
Rector of the University of Defence, Serbia 
Major General Bojan Zrnić PhD, Head of the 
Military Academy, Serbia 
Col. Miroslav Vukosavljević, PhD, Head of 
Military Medical Academy, Beograd, Serbia 
Col. Slobodan Ilić, PhD, Director of the 
Directorate for Standardization, Codification 
and Metrology, Serbia 
Ivanka Popović, PhD, Rector of the University 
of Belgrade, Serbia 
Saša Lazović, PhD, Assisstant Minister of the 
Ministry of Education, Science and 
Technological Development, Serbia 
Radivoje Mitrović, PhD, Dean of the Faculty 
of Mechanical Engineering, Belgrade, Serbia 
Milo Tomašević, PhD, Dean of the Faculty of 
Electrical Engineering, Belgrade, Serbia 
Petar Uskoković, PhD, Dean of the Faculty of 
Technology and Metallurgy, University of 
Kragujevac, Serbia 
Danijela Milošević, PhD, Dean of the Faculty 
of Technical Sciences, Belgrade, Serbia 
Vladimir Cvetković, PhD, Dean of the Faculty 
of Security Studies, Belgrade, Serbia 
Goran Bošković, PhD, Dean of the Academy of 
criminalistic and police studies, Belgrade, 
Serbia 
Jugoslav Petković, Director of JUGOIMPORT 
- SDPR, Belgrade, Serbia 
Vlada Lukić, Director of "Krušik", Valjevo, 
Serbia 
Zoran Stefanović, Director of "Sloboda", 
Čačak, Serbia 
Radoš Milovanović, Director of "Milan 
Blagojević", Lučani, Serbia 
Dobrosav Andrić, Director of "Prvi Partizan", 
Užice, Serbia 
Stanoje Biočanin, Director of "Prva Iskra-
namenska", Barič, Serbia 
Mladen Petković, Director of "Zastava oružje", 
Kragujevac, Serbia 
Anđelka Atanacković, Director of "Prva 
Petoletka - Namenska'', Trstenik, Srbija 
Dragan Kovačević , Director of IRITEL 
Belgrade 
SECRETARIAT 
Elida Vasiljević, MSc, secretary  
Svetlana Ilić, MSc, assistant secretary 
Miodrag Ivanišević, MSc 




Miodrag Lisov, PhD, Military Technical 
Institute, Serbia, President 
Ljubica Radović, PhD, Military Technical 
Institute, Serbia 
Col. Ivan Pokrajac, PhD, Military Technical 
Institute, Serbia 
Zijah Burzić, PhD, Military Technical Institute, 
Serbia 
Gretchihin Leonid Ivanovich, PhD, State 
College of Aviation, Minsk, Belarus 
Taek Lyul Song, PhD, Hanyang University, 
South Korea 
Evgeny Sudov, PhD, R&D Applied Logistic 
Centre, Moscow, Russia 
Steven Berber, PhD, Auckland University, 
New Zealand 
Srećko Stopić, PhD, RWTH Aachen 
University, Germany  
Constantin Rotaru, PhD, Henri Coanda Air 
Force Academy, Brasov, Romania 
Zbyšek Korecki, PhD, University of Defence, 
Brno, Czech Republic 
Radi Ganev, PhD, University of structural 
engineering and architecture “Lyuben 
Karavelov”, Sofia, Bulgaria  
Col. Ivan Vulić, PhD, University of Defence, 
Beograd, Serbia 
Col. Boban Pavlović, PhD, Military Academy, 
Beograd, Serbia 
Col. Dragan Trifković, PhD, Military 
Academy, Beograd, Serbia 
Col. Aleksandar Kari, PhD, Military Technical 
Institute, Beograd, Serbia 
Col. Slavko Muždeka, PhD, Military Academy, 
Beograd, Serbia 
Biljana Marković, PhD, Faculty of Mechanical 
Engineering, Sarajevo, Bosnia and Herzegovina  
Darko Knežević PhD, Dean of the Faculty of 
Mechanical Engineering, University of Banja 
Luka, Republic of Srpska (B&H) 
Milan Tica PhD, Faculty of Mechanical 
Engineering, University of Banja Luka, 
Republic of Srpska (B&H) 
Dženana Gačo, PhD, Acting Rector University 
of Bihać,Bosnia and Herzegovina  
Strain Posavljak, PhD, Faculty of Mechanical 
Engineering, Banja Luka, Republic Srpska 
Jasmina Stevanović, PhD, Director of the 
Institute of Chemisty Technology and 
Metallurgy, Belgrade, Serbia 
Branko Livada, PhD, Vlatacom Institute, 
Belgrade, Serbia 
Marija Samardžić, PhD, Military Technical 
Institute, Beograd, Serbia 
Željko Bulatović, PhD, Military Technical 
Institute, Beograd, Serbia  
Ljubiša Tomić, PhD, Military Technical 
Institute, Beograd, Serbia  
Miloš Pavić, PhD, Military Technical Institute, 
Beograd, Serbia  
Col. Milenko Andrić, PhD, Military Academy, 
Beograd, Serbia 
Col. Slobodan Simić, PhD, Military Academy, 
Beograd, Serbia 
Col. Zlate Veličković, PhD, Military Academy, 
Beograd, Serbia 
Silva Dobrić, PhD, Military Medical Academy, 
Beograd, Serbia 
Nenko Brkljač, PhD, Technical Test Centre, 
Beograd, Serbia 
Srećko Manasijević, PhD, Lola Institute, 
Belgrade, Beograd, Serbia 
Stevica Graovac, PhD, Pupin Institute, 
Belgrade, Beograd, Serbia 
Nikola Zogović, PhD, Pupin Institute, Belgrade, 
Beograd, Serbia 
Dragan Šešlija, PhD, Faculty of Technical 
Sciences, Novi Sad, Serbia 
Momčilo Milinović, PhD, Faculty of 
Mechanical Engineering, Belgrade, Serbia 
Dejan Micković, PhD, Faculty of Mechanical 
Engineering, Belgrade, Serbia  
Predrag Elek, PhD, Faculty of Mechanical 
Engineering, Belgrade, Serbia  
Aleksandar Simonović, PhD, Faculty of 
Mechanical Engineering, Belgrade, Serbia  




Military Technical Institute, the first and the largest military scientific-research institution in the 
Republic of Serbia with over 70 years long tradition, has been traditionally organizing the OTEH 
scientific conference, devoted to defense technologies. The Conference is supported by the Ministry 
of Defense and it takes place every second year. 
Its aim is to gather scientists and engineers, researchers and designers, manufactures and university 
professors in order to exchange ideas and to develop new relationships. 
The ninth International Scientific Conference OTEH 2020 is scheduled as follows: lecture on the 
occasion of “Mihailo Petrovic Alas”, given by Prof. Žarko Mijajlović, PhD, and plenary lecture on 
“Electromagnetic Pulsed Weapon Treat Hmp and Hemp“, given by Prof. Momčilo Milinović, PhD 
Eng, and working sessions according to the Conference topics. 
The papers which will be presented at the Conference have been classified into the following topics: 
− Aerodynamics and Flight Dynamics 
− Aircraft 
− Weapon Systems and Combat Vehicles 
− Ammunition and Energetic Materials 
− Integrated Sensor Systems and Robotic Systems 
− Telecommunication and Information Systems 
− Materials and Technologies 
− Quality, Standardization, Metrology, Maintenance and Exploitation. 
The Proceedings contain 97 reviewed papers which have been submitted by the authors from 13 
different countries. I would also like to emphasize that 23 papers are from abroad. The quality of 
papers accepted for publication achieved very high standard. I expect stimulated discussion on 
many topics that will be presented online, during two days of the Conference. 
On behalf of the organizer I would like to thank all the authors and participants from abroad, as well 
as from Serbia, for their contribution and efforts which made this Conference possible and 
successful. 
I would also like to thank the Ministry of Education, Science and Technological Development of 
the Republic of Serbia for its financial support. 
Finally, dear guests and participants of the Conference, I would like to wish you a pleasant and 
successful work during the Conference. I am looking forward to see you again at the tenth 
Conference in Belgrade. All the best and stay healthy. 
Belgrade, October, 2020 Col. Miodrag Lisov PhD Eng 
President of the Scientific Committee 
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Abstract: Several types of MEMS and thin-film based sensors have been developed at the Institute of Chemistry, 
Technology and Metallurgy (ICTM), including piezoresistive pressure sensors, a multipurpose thermal sensor, and an 
adsorption-based mercury vapor sensor. In this paper, we present the concept of a portable electronic instrument that 
can be used with different combinations of pressure, thermal and/or mercury sensors. Such an instrument is highly 
configurable, thus enabling various measurements to be performed in different applications, from industrial plants to 
environmental monitoring. Since the mentioned sensors have different requirements in terms of sensor excitation, as 
well as different ranges of their output signals, the design of the instrument is a demanding task. Additional design 
requirements are related to the portability of the instrument, including the overall dimensions, power source and 
consumption, and communication methods. One of the possible directions of further development is the design of a 
rugged version of the instrument, intended for harsh environments. 
Keywords: pressure sensor, thermal sensor, mercury sensor, instrument. 
 
1. INTRODUCTION 
Various silicon micro-electro-mechanical (MEMS) and 
thin-film based sensors have been developed at the 
Department for Microelectronic Technologies (ICTM, 
Belgrade). Several types of piezoresistive pressure 
sensors have been successfully commercialized, as well as 
industrial pressure and liquid level transmitters based on 
them. The mercury vapor sensor, and the multipurpose 
thermal sensor (it can be used as a gas flow sensor, 
vacuum sensor, thermal converter and gas type sensor), 
have been developed and characterized, and are now 
ready for various applications. In order to develop modern 
measurement instruments based on them, some efforts 
have already been undertaken [1, 2]. The chosen approach 
was to design two separate instruments: one based on the 
thermal sensor and another one based on the mercury 
sensor. In this paper, a concept will be presented of a 
more universal portable instrument, which will 
incorporate all the necessary circuitry in order to 
accommodate the piezoresistive MEMS pressure sensor, 
the multipurpose thermal sensor and/or the mercury vapor 
sensor. Thus, the instrument will be capable of measuring 
different physical parameters, depending on the chosen 




1.1. Piezoresistive MEMS pressure sensor 
ICTM manufactures silicon piezoresistive MEMS 
pressure sensors for several pressure ranges up to 400 bar 
[3]. Electrically, they consist of four pressure sensitive 
resistors (piezoresistors) connected in a Wheatstone 
bridge. Two of the resistors whose resistance increases 
with the applied pressure are located in one diagonal of 
the bridge, while the two resistors whose resistance 
decreases with the increase of the applied pressure are in 
the other diagonal. ICTM pressure sensors are optimized 
for constant current excitation, and the typical value of 
their nominal output signal is 100 mV with the excitation 
of 2 mA applied. The resistance of the resistors without 
the pressure applied is in the range from 2500 Ω to 
3000 Ω at 22°C, and the typical value of their temperature 
coefficient of resistance is 0.13%/°C. Since the output 
signal of all semiconductor-based piezoresisitve pressure 
sensors exhibit significant parasitic temperature 
dependence, a temperature compensation technique must 
be used in almost all applications. 
1.2. Multipurpose thermal MEMS sensor 
A detailed description of the multipurpose thermopile-
based MEMS sensor chip is given in [4]. Its main 
elements are a heater made of Al (A-type sensor) or p+Si 
(P-type sensor), and two thermopiles, each consisting of 
30 multilayer p+Si/Al thermocouples, located on both 
sides of the heater. The heater and the hot junctions of 
both the thermopiles are placed on a thermally isolating 
membrane that consists of SiO2 and a residual n-Si layer. 
The cold thermopile junctions are located on the outer, 
unetched part of the chip (the rim). The sensor has two 
output signals in the millivolt range, generated by the two 
thermopiles. Constant current sensor excitation is needed 
in order to supply 50 mW of power to the heater. 
1.3. Mercury vapor sensor 
The principle of operation of the mercury vapor sensor is 
described in detail elsewhere [5]. The sensor consists of 
four thin film resistors made of gold on a silicon 
substrate. The resistors constitute a Wheatstone bridge. 
Two resistors placed in one diagonal of the bridge are 
exposed to the surrounding atmosphere, while the 
remaining two resistors are covered by a layer of 
photoresist. Mercury vapor is adsorbed on the surface of 
the exposed resistors, which results in the change of their 
resistance, while the resistance of the covered resistors 
remains unchanged. This produces the output signal up to 
1.6 mV with the bridge excitation current of 10 mA. 
When the sensor saturates with mercury, it must be heated 
in order for the mercury to desorb, thus enabling a new 
measurement cycle. For this purpose, the built-in heater 
must be supplied with 1 W of power. 
2. METHOD 
In order to develop the portable multifunctional 
instrument, specific requirements of the sensors that will 
be used must be properly addressed. 
First, the output signals of the three sensor types are 
significantly different. The order of magnitude of the 
pressure sensor differential output signal is typically from 
10 mV to 100 mV, with the offset lower than the nominal 
signal. In the case of the multipurpose thermal MEMS 
sensor, the output signal is extracted according to the 
desired application as a sum or difference of Seebeck 
voltages of the two thermopiles present on the chip [4]. 
Therefore, value of the output signal can vary from 
several mV only, up to around 140 mV, in the current 
design. This results in high offset compared with low 
signal variation, around 100 μV. Finally, the mercury 
vapor sensor with the constant current excitation of 
10 mA has a differential output signal up to 1.6 mV, and 
the offset voltage within ±3 mV. The differential signal 
from the pressure sensor can be connected directly to the 
differential input of a modern, highly integrated high-
resolution analog-to-digital converter (ADC), such as the 
AD7124-8, which has a differential multiplexer, 
programmable gain amplifier, digital filter, voltage 
reference, and other circuitry built-in. However, a low-
noise, zero-drift preamplifier, such as the one described in 
[1], is needed in the case of the multipurpose thermal 
sensor and the mercury vapor sensor, in order to optimally 
utilize the ADC’s dynamic range. 
Second, all of the mentioned sensors need a constant 
current excitation, but with different current values, and in 
different modes of operation. The excitation current of the 
piezoresistive MEMS pressure sensor can be up to 4 mA; 
however, lower values, typically up to 2 mA, are often 
used for practical reasons. The two types of multipurpose 
thermal sensors developed at ICTM both have a built-in 
heater that produces about 50 mW of heat. A 100 mA 
constant current source is needed for the low resistance 
heater of the A-type sensor. The high resistance heater of 
the P-type sensor needs only 3 mA of current, but with a 
voltage compliance of 18 V. The mercury vapor sensor 
needs the excitation current of 10 mA during its normal 
operation. Additionally, a much higher current must be 
supplied to the heating element built into the mercury 
sensor, since it must produce 1 W of heat for about 1 
minute in each cleaning cycle. In order to fulfill all of 
these requirements, two types of constant current sources 
are needed: one for the current range of 10 mA, and the 
other for the higher current range (up to 100 mA). 
After a detailed consideration of the above-mentioned 
facts, it became obvious that different signal conditioning 
and sensor excitation requirements of the sensors lead to a 
significant amount of switching circuitry and preamplifier 
stages, although they may not be needed in all sensor 
configurations. In order to reduce the complexity and cost 
of the instrument, a different approach was chosen, that 
relies on a high level of modularity. Instead of using the 
sensors as passive devices, a specific sensor module will 
be designed for each of the sensor types. The module will 
contain as much of the sensor-specific circuitry as 
possible, and will be connected to the rest of the system 
via power connections and a digital interface. This 
concept is largely influenced by the IEEE 1451 family of 
standards [6]. According to the IEEE 1451.2 standard, the 




Processor (NCAP), one or more Smart Transducer 
Interface Modules (STIM), as well as the Transducer 
Independent Interface (TII), which is a point-to-point 
digital interface between each of the STIMs and the 
NCAP. The standard also defines the Transducer 
Electronic Datasheet (TEDS), which is a data structure 
that contains all the information needed by the NCAP to 
properly identify and use the transducer(s) within a STIM. 
It is stored in a non-volatile memory of the STIM. In this 
work, the sensor module is to be designed as a STIM, and 
the instrument as an NCAP. In addition to the 
standardized power and signal lines that constitute the 
TII, a higher voltage necessary for sensor excitation must 
be supplied to the modules. 
A generalized block diagram of the sensor module is 
shown in Picture 1. The Sensor excitation block and the 
Preamplifier block are optional, and specific for the given 
sensor type. The ADC subsystem, TEDS and Interface 
logic blocks are required in every implementation, as they 
enable the sensor module operation. The functions of the 
blocks surrounded by a dashed line can be performed by a 
highly integrated mixed-signal microcontroller, such as 
the ADuCM360. In general, the module is not limited to a 
single sensor. It can be expanded in order to include 
several transducers (sensors and/or actuators). 
 
Picture 1. Block diagram of the sensor module 
A generalized block diagram of the portable 
multifunctional instrument is shown in Picture 2. It can 
operate with several sensor modules, each connected via a 
separate Interface logic block. The Power supply block 
supplies all the necessary voltages to the system, and 
charges the built-in battery when an external power source 
is available. The Digital processing block is a single board 
computer. It performs all the calculations, communicates 
with the sensor modules, serves the user interface, and 
enables the access from remote computer systems via the 
Networking block. The User interface block provides the 
measurement readout and status indication, and enables the 
user to access the instrument’s settings. 
 
Picture 2. Block diagram of the portable multifunctional 
instrument 
A conceptual rendering of the instrument is given in 
Picture 3. In this case, the instrument can accommodate 
up to two sensor modules. The two module slots are 
located on the top of the instrument’s enclosure. The user 
interface is on the front, while the power supply and 
network connections are on the back. The overall 
dimensions of the instrument (excluding the electrical and 
other connections) are expected to be within 
110 mm × 60 mm × 160 mm. The instrument can be 
equipped with a shoulder strap, and is expected to be 
compact and lightweight enough to be carried for longer 
periods of time. The built-in rechargeable battery should 
ensure several hours of autonomous operation.  
Depending on the intended use of the instrument, the user 
can have several sensor modules, and install them as 
needed. Since each of the modules contains the memory 
element (TEDS) with all the necessary data, the 
instrument can identify the modules, and reconfigure 
itself in order to operate with the installed sensors. This 
includes setting of the sensor excitation voltage, 
interpretation of sensor-specific parameters, receiving and 
processing of sensor signals, implementation of 
calibration procedures, and user interface configuration. 
 
Picture 3. Conceptual rendering of the portable 





The described approach is not limited to the three sensor 
types mentioned in this paper (the piezoresistive MEMS 
pressure sensor, the multipurpose thermal MEMS sensor, 
and the mercury vapor sensor). As a result of the 
development of new sensors at ICTM, or optimization of 
the design of the existing devices, new sensor modules 
can be expected in the future. The instrument can be made 
compatible with them by means of firmware upgrades, 
which can also be used to add some new functionality. 
3. CONCLUSION 
In this paper, the concept of a portable multifunctional 
measurement instrument is proposed, that enables the use 
of different combinations of pressure sensors, 
multipurpose thermal sensors, mercury sensors, and some 
other sensors that will be developed at ICTM. The 
instrument should be highly configurable in order to 
enable various measurements to be performed in different 
applications, from industrial plants to environmental 
monitoring. Since the mentioned sensors have different 
requirements in terms of sensor excitation, and different 
ranges of output signals, the design of the instrument is a 
demanding task. In order to avoid unnecessary 
complexity, and to achieve a high level of modularity, we 
have chosen the approach based on sensor modules that 
incorporate as much of the sensor-specific circuitry as 
possible. The instrument automatically identifies the 
installed sensor modules, and reconfigures itself 
accordingly. 
One of the possible directions of the further development 
is the design of a rugged version of the instrument, 
intended for harsh environments. That would require a 
robust metal enclosure, the power and network 
connectors, as well as the user interface, to have a suitable 
ingress protection rating. A sealing plate with gaskets 
would have to be installed over the sensor modules, 
allowing only the sensor input ports to be accessed 
externally. Due to their principle of operation, and the 
nature of the measured quantity, some sensors must be 
additionally protected from dust and water ingress, which 
is likely to occur in harsh environments. 
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